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COMPLETE SPECIFICATION' 

Polymeric Colour Developers and their use in Detecting 
Couplins Compounds 

We, .Miles L.\bor.\tories. Ixa, a Cor- 
poration organised and cxistins under the laws 
of the St.-(tc of Indiana, United StJtes of 
America of 1127 Mynle Sircit, Elkhan. 
Indiana, United States of America, do hereby 
declare the invention for which -.ve prav that 
a patent may be granted to us. and the method 
by which it is to be performed, lo be particu- 
larly described in and by the folfcv.ins jtate- 
m:nt : — 

This invention relates to the determination 
of couplins; compounds. In one cf its more 
panicular aspects, this invention relates to the 
determination of aromatic hydroxyl and amino 
compounds and other compounds which un- 
dergo a visible change in coupling reactions 
with diazonium -alts. 

A number of methods for determining coup- 
ling co.-npounds are available. These "include 
both instrum:ntal and chtmical methods. In 
general, the instrt.mental mci.hods are too com- 
plex to be used except fay those who have 
had formal training in the use of them. Most 
chemical methods also require -a relatively 
high degree of skill. 

One of :hi .most popular chemical methods 
for the determination of this class of com- 
pounds is that involving the coupling of an 
aromatic di^izonium salt with reactive coupling 
compounds si:ch as, for instance, phenols or 
aromatic amines or com.pounds containing 
active .methylene or active methyl srours. ' 

Use of this method enables the dctermir.a- 
lion of phenols or aroir.-.:tic aminos bv si.mole 
colorimctric tccir.iav.cs. Hr.vever. -.hi diazon- 
ium reaction is one whicii :;:u5t be »oniu::ed 
under carefully regulated cor.ditior.s of tem- 
perature a.^.d pH, .ir.d so involves a correj- 
pc.-.dingly ;c\vi c: care in su::css;u;iy 
CJrry.ng o'jt i'r.r. r.-a:'.ior.. 

It is accorjir.;;y an obieci of th:s invention 
to provide u .Tcri-.cd for dccermin:.-.2 reactive 
ccupli.n; cop.-.p;>-j.-.c5 -.\hi;h i.-.vohes .-.e.-.c of 
'.he «hort,;omincs of the prior an. 
[Price 4s. 6 J.] 



It is another object of this ins-cntion to pro- 
vide 5uch a method which is convoni;nt to use 
and which docs not require a high level of 
training and skill in the operation of analytical 
instruments or the carrying out of complex 
chemical reactions. 

Another object of this invention is to carry 
out the above mentioned determination in a 
very shon time and without special equipment. 

Another objca of this invention is to pro- 
vide a method for determining resctive coup- 
ling compounds when they are present in very 
low concentrations. 

Other obiccts and advantages of this in- 
vention wiil become apparent in the course of 
the following detailed disclosure and descrip- 
tion. 

It has now been found that a convenient 
test for reactive coupling compounds can 
provided bv using an insoluble colour d. 
veloper. Such developer can be prepared 
diazotizine a polymeric material containing 
free aromatic amino groups. 

The most obvious method for providing 
free aromatic amino groups attached to a 
polymer backbone is by the nitration of ben- 
zenoid units attached to a polymer such as a 
polvstyrenc, foilotved by reduction of the re- 
sulting nitro groups to amino group;. The 
aromatic amino groups resulting can then be 
readily diazotized by treatment v.-ith nitrous 
acid or other diazoiizins aaent usually bv 
reaction with a dilute joiurion of sodium nit- 
rite and an acid such as hydrochloric acid. 
This .method is diiclosej in U.S. Patent No. 
2.2r-J,5il CO 'vVilliani O. .^Cenvon, Louis .M. 
Mi.-.sk and Gecrg: I'. Wsugh. This latter 
method, -however, is icbiect to the discdvan- 
ta|»e t.^at ihc nttraiicn j:;p, •.vhich invoivei 
the use of an o.\idizin? agent, causes a dis- 
ccic.-.:tion of the prcviucts v.-h:ch dees not 
disappear comp;eiely upon reduction ?.-id sub 
sequent diazotiijjioR. fn contrasc thereto 
met-hod of the present invcnrion docs not 
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"""^'i'i.K .ijcnis and rcjuhs 
in the provision of polymeric diazoniu.-n silts 
0/ ihe s^nic colour as the am.r.c from which 
i..cy dcnvc. These salts are capable cf c:Tcc- 
3 live unlizjtion as insoluble colour devcioc-rs 
In order lo provide such polvmeric diazon- 
lum Mlti, one starts «iih a polvmeric ir.aterial 
wh:ch contains acid groups such as carboxvlic. 
su;phcn:c or phosphoric acid croups. Su.h* 
10 marcriali are corr.mercisllv iva'ilablc ia thj 
form of a uidc variety o'f caiionic ion ex- 
change resins. These resins can be reacted 
w_uh a halogcnaiing agent, for example, a 
thionyl halid: such as SOCI:, or a phosphorus 
15 halide $i:ch as PCI, or PCI.. Alternatively, 
sodium or potassium salts of such rosins can 
be reacted with POCI, or SO.Cl.. For ex- 
ample, in the case of a carboxylic acid cation 



cxchir.co resin, reaction with :hionyl chlcrid; 
produces tlx acyl chloride of the resin as shown -"A 
in the following equation: 



Resin-COCl + NH~Ar— NH- 



35 wherein Ar represents the aromatic nucleus 
to which ih- two amino groups shown arc 
atuched. Such aromatic nucleus may be mono- 
cyclic, that is benzenoid, or polvc^-clic as in the 
case of derivatives of naphthalene, biphcnyl. 

40 anthracene or phenanthrene. 

The resulting reiin amide containing free 
aromatic ammo groups can be diazoiizcd to 
produced resia diazonium salts which can react 
with coupling compounds to give coloured azo 

45 products. 



Resin-CO— NH— Ar^N'H: 



NaXO: 



HBF. 

These polymeric diazonium salts can be 
stored for extended periods of time and used 

60 in aqueous solution to test for any compound 
which will couple with them. In particular 
these polymeric diazonium salts are useful as 
insoluble colour developers in the analysis of 
aromatic hydroxyl and amino compounds and 

65 other compounds which couple with diazonium 
salts to produce azo derivatives which are 
highly coloured. 
This coupling reaction can be illustrated 

■,n uc * "-"^Phthol or .'-naphthol bv means of 

70 the following equation: 



© 3 
etna-co-m-Ar-Nmii iff' 



The polymeric diazonium salts of this i.nven 
tion react with a -.vid: number of couplin" 
compounds such a; arorr.aric amines. rh-.iols 
75 and naphihois, napnthoic a^id derivatives nitro 
derivative; oi ami.ncs a.nd phenols, mtro-nara- 
fnns, substances with reactive mcthvlcne and 




Rcsin-COOH 



SOCK 



Rcsin-COCl 



The resin halide can then be reacted with 
an aromatic polyaminc in water or in an an- 
hydrous organic solvent in order to provide a ■>5 
rcsin amide in which at least one aromatic 
amino group remains free. For c.vample, u'in" 
such aromatic diamines as benzidine, o-tolit 
dme, di-o-anisidine, the phenvlcnediamincs 
(ortho, meta or para'i, the rcsin halide is con- 30 
verted to a rcsin amide whicli co.^Iains a tree 
aromatic ammo group in accordance with the 
following equation: 

» Resin-CO— NH— Ar— NH, • HCl 

The diazotization can be performed, for 
c.\amplc, by reacting the resin amide with 
sodium mtrite in the presence of an acid such 
as hydrochloric, sulphuric, phosphoric or iluo- 
bonc acid, resulting in t.he formulation of a 50 
polymeric diazonium salt. These diazcniu.-n 
salts are highly insoluble in aaucous media 
because of their polymeric nature and stable 
becausi of the presence in the reiin of unreac- 
ted acid groups. This reaction can be illustra- 55 
ted as follows: ^ 

@ S 
Resin-CO— NH—Ar—N=N BF, 

methyl groups such aj acetoacetic esters, i-oxo 
glutanc acid or 5-pjTazolone derivatives, sul- 
phonic acid derivatives of phenol and naplithol 80 
and sulphonic acid d.-rivatives of aromatic 
amines. 

The coupling reaction to form the coloured 
azo compound is generallv a quantitative one, 
that IS, a cenain amount of polvmeric diazon- 85 
lum salt, will react with a fixed amount of a 
coupling compound under suitable conditions. 
Owing to this the polymeric diazonium salts 
of this invention can be used as inioluble colour 
developers for quantitative or semi-auantiia- 90 
tive ditcrmination of coupling compounds in 
several ways. 

These insoluble colour developers are par- 
ticularly useful when used in reagent strips. 
For instance, the insoluble colour ceveiccjr 95 
cat! be coated upon sheets of a bibulous ceilu- 
losic material, such as rilter paper to provide 
sheets" containing zenrj of colour develcrer. 

Rather than merely coatins ctliulosic slieeis, 
an especially convenient and elcsant method 100 
involves the formation cr tibrous colour devel- 
oper sheets from an aau:ous homoscr.izca 
mi.viurc of insoluble colour developer and cel- 
lulosic tibrous m.atcrial. These librcus coicur 
developer sheets can then be used to prcpite 105 
strips or discs of colour developer 
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The insoluble colour developers of this in- 
vention C3.T also be used in ih: form of tablets 
which e^n CO prcpjrcd by mixing ihc insoluble 
colour developer with suitable tablciting mi- 
toriJls, for example, powdered cellulose. 

Strips can be either of a continuous or dis- 
continuous type, :hn is, the areas containinc 
colour dov.-Ioper niav be continuous or alter- 
nated with inert areas. For instance, continu- 
ous strips can be formed bv a whole reactive 
zone fixed to a support such as paper, card- 
board, wood, glass hber or plastic. Graduated 
scales referring to quantities of the product to 
be determined can b.: imprinted upon such 
support. In the discontinuous tvpe, the reac- 
tive zones are alternated with non-reaaive 
zones. 

For tcstinsr, when strips arc used, an ascend- 
ing or descending chromatosraphic technique 
1$ adopted. A pre-dctermincd amount of solu- 
tion to be tested for the coupling comoound ij 
absorbed into the strips and the strips are 
then washed with water. The coupling com- 
pound, m contact with the insoluble colour 
developer, generates a colour. Since the coup- 
ling riaction is a quantitative one, the colour 
intensity will be determined bv the chemical 
composition of the reactive area, that is, by the 
amount of insoluble colour developer present 
in the strip, while the extension of the coloured 
area, measured by means of the previously 
m;mioned imprinted graduations, will be pro'- 
poruonal to the amount of the coupling com- 
pound coming into contact with the reactive 
zone. 

Coupling produa concentration can be de- 
termined in the one zone continuous strip by 
means of the previously mentioned imprinted 
eradications. In the discontinuous tvpe mul- 
tiple zone strip the number of the 'zones in 
which a colour is developed will indicated 
the concentration of the couoling compound 
bJing determined. For example, bv using a 
series of three zones containing the colour 
developer fi.xed to a bibulous carrier, it is pos- 
sible to determine the amount of couplin" 
conpotjnds present by the extent to which thl 
advancmg solvent front of the test medium 
carries the coupling compound alone the strip. 
That IS, a lesser concentration of couplins 
compou.nd may react with the colour developer 
present in the first zone but not with that pre- 
sent in tlie second or third zone. .■^ somewhat 
higher concentration may react with that pre- 
sent in th; first two zones and a still higher 
concentration with that present in all three 
zones. 

\Snen discs are used, a pre-de:crmined 
amount of the liquid under examination is 
abiotbed into the disc. The reaction between 
the coiour developer and anv coupling com* 
pound present takes place in the disc' and a 
colour, the intensity oi which j$ proportional 
to the amount of coupling compound prcicm, 
is developed. The colour obtained is compared 



with a suitable coi.'i:: char: and the amount 
of couplini: ccn'.pound p:c<cnt m i!:c solution 
under examination is determined. Tabl.-ts arc 
used in a similar manner. 

In addition to usin; the i:;solub!e colour 70 
developer cf this invention to dei:c: reactive 
coupling compounds, it is also possible to 
detect systems which arc capable cf producin" 
reactive coupli.ag ccmpour.ds. Since a wide 
variety of cnzym; systems are cap.ible of cata- 75 
lyzing the liberation of coupling co.mpounds 
by their precursors, these $ysteir.s can be 
readily detcaed by using the insoluble colour 
developer of this invention together with an 
appropriate coupling compound' precursor as a on 
substrate for the enzymc'to be detected. Re- 
presentative examples of these enzvmatic re- 
actions are the following: 

a. lipase: the substrate uicd can be naph- 
thyl laurate, rrAriitate or capr>iau-. Lipase 85 
hydrolv;es the substrate liberating the n.nph- 
thol which is the specific compcjr.d to be 
determined. 

b. acetyl esterase: the substrate used can 

be acetyl naphthol or acetyl naphthylamine. 90 
The enzymatic hydrolysis liboratci naph- 
thol or naphthylamine which arc reactive 
coupling compounds. 

c. N-acerylbctagiucosaminidase: usin? as 
substrate naphthyi- J-acctylglucosamine" the 95 
enzymatic reaction relea^cs'naphthol. 

d. transaminase (GOT): in GOT trans- 
aminations L-glutamate rt-ox3!acc:ate arc 
formed from L-aspartate - rr-oxo-giutarate. 
The <r-oxaIace:ate formed in this reaction iqq 
can be determined by means of ihc insoluble 
colour developers of this invention because 

its active methylene group reacts with di- 
azonium salts. 

e. leucine amiaopeptidaic: using L-lcucyl- IQS 
.'^-naphthylamide as a substrate, the enzy- 
matic reaction liberates •i-naphthyiamino'. 

f. acid and basic phosphatases : the various 
phosphatases caulyze the hydrolysis of aro- 
matic phosphates to the corresponding aro- HQ 
matic hydroxyl compounds which can then 

be readily detected by means of the colour 

developer of this invention. 

Many convenient methods can be used for 
detecting these systems. For exam.ple, a suit- H5 
able substrate for such enzyme system can be 
impregnated into one zone of a bibulous car- 
rier to which is joined a zone oi colour devel- 
pcr. Whc.T the substrate zor.e is moistened 
with a solution containing 3 phosnhaiasc. the 120 
enzymatic reaction proceeds rcsuiti-.g in the 
release of an aromatic hviroxvl ccmoound. 
\v ashing with water brinks' the latter into con- 
tact with the insoluble colour dcvclorer in t^'c 
aaj.icer.f zone giving a colour. 

Another convenient method of usin-' the 
insoluble colour developer of this invc'nticn 
lor the detection of an enzvm; svstem provides 
the enzyme substrate in a tabict for.-n which 
can bo adaed to the solution which is being 150 
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icsicd fc- presence of the cnzvnic. 
colour dcvc.;p.-r in ;hc form of a bibulous strip 
or ublc: then b: moistened with ihc re- 
sulting scliition to catiso the desircj colour 
reaction to occur it the enzyme is present. Such 
a tejc t^.iihod is convenient, for examolc, for 
tcstin.; milk for the prcsenc; oi p.'iosphatases 
in order to check the pasteurization, h is well 
known that pasteurization temporarilv desirovs 
phosphat.isc in miik and that the presence of 
phojphataic in pasteurized miik soon after 
pasteurization is a sign of inadetquate pasteur- 
izing tr.nip::a;ure or of the presence of raw 
miik. 

Preparation of resins for diazotising in ac- 
cordance w ith the invention arc now illustrated 
in proccdu.'cs I to 12; the invention is illustra- 
ted by Examples 13 to 25. 

PROCEOfRE 1 

A polymor of methacrjiic acid cation ex- 
change rcii.T (.\mberlitc IRA 64 tvpc; Amber- 
lite is a rcf-stcrcd Trade .\tark\ :n the acid 
for.T, was .-.liilcd into a fine powder (particle 
size varyirg in the range of 20 — 50 microns) 
and dried. Fift>- grams (50 g.) of the obtained 
powder were reriuxed in 20O ml. of thionvl 
chlorid.: under stirring for 6 hours. The reac- 
tion rnixturc was then filtered and the resulting 
chlorinated resin washed with anhydrous tol- 
uene and dried in high vacuum. The so ob- 
tained chlorinated resin contained 0.9S meq. of 
— COCl per gram. 

Procedcre 2 
The above mentioned fine form of resin, 
having a particle size of 20 — 50 microns, was 
chlorinated for 3 hours under otherwise the 
same conditions as used in Procedure 1. The 
resulting chlorinated resin contained 0.66 meq. 
of —COCl per gram. 

Procedure 3 
The above mentioned lirtc form of resin, 
having a panicle size of 20—50 microns, was 
chlorinated for 9 hours under otherwise the 
same condirions as used in Procedure 1 and 
the resin contained 1.4 meq. —COCl per 
gram. 

Procedure 4 
A polymer of mcthacrvlic acid cation e.x- 
change resin (Ambcriite 1R.\ 64 t^-pe), in the 
acid form, was reduc:d, bv millin's, to a fine 
powder 'particle size 1—5 microns), then 
dried. Chlonnation took p!ace according to 
the procedure indicated in Procedure I for the 
duration of 3 hours. The resuliins chlorinated 
resin contained 0.S4 meq. of —COCl per 
gram. 

Procedure 5 
*A poK— icr of mc:.^3crvl:c acid cation ex- 
change resin 'Amcerliie IRA 64 tvpe; was 
changed ir.to the sodi-jm ;jI: ind reduced bv 
mll!l.^g to a -.'ir.- po-.vdcr rparticie size varving 
from 50 to TO microns; a.id then dried. A 



qua.-.tity oi 50 ?. of rc5in sodium sait was 
rctiuxei for 6 hours in 100 rr.l. of .-•.r.hvdrcus 
carcon tetrachiorido a.nd 100 ir.l. oi sulphurvl 
chloride. The rc5in wa> tiltcr:d and wJ^hed 
with carbon tctrjchioride and tlicn dried. The 
resulting chlorinated resin contained 0.56 meq. 
of — COCl per gram. 

Procedure 6 
A quantity of 10 g. of chlorinated resin 
prepared according to th: method of Pro- 
cedure I was poured into a solution of di-o- 
anisidine (3.3 g in 75 ml. of drv toluene. The 
resulting suspension was heated' at S5-C. for 
5 hours with stirring. The mixture was filtered 
and the resin was washed in batch with eih- 
anol (ICO ml.) from which it was possible to 
recover the excess of unrcacted amine. The 
resin was then put into a chromatographic 
column and washed with 2N HBF, (200 ml.) 
and then with water at the neutral point of 
effluent liquid. The rcsultins resin acvlatcd 
amine, analyzed for diazoiizable nit'rossn, 
showed 47 mg. of mono-li.iked di-o-anisidine 
pir gram. 

Procedcre 7 
A quantity of 10 e. of chlorinated resin 
prepared according to Procedure 1 was aoured 
into a solution of di-o-anisidine (3.3 5.) and tri- 
ethyiamine (10 g.) in 75 ml. of drv toluene. 
The resulting suspension was heated at S5-C. 
for 6 hours with stirrins. The resin was washed 
according to Procedure 6 and then dried. In 
the resulting resin acylated amine, analvzcd 
for diazotizable nitrogen, 61 mg. of mono- 
linked di-o-anisidinc per gram were present. 

Procedi:re 8 
.A solution of dioanisidine dihydrochloride 
(4.3 g.) in 200 ml. of water was rc'friacrated at 
a temperature of 0.5 =C. To this solution a 
quantity of 10 g. of the chloi;inatcd r;sin from 
Procedure 1 was added. Siirrins and refrisera- 
lion were continued while 30 ml. of 20'.'. 
NaOH was slowly added up to a pH value of 
11 — 12. After 14 hours of stirrins and refriz- 
erating, the suspension was centrifused and the 
precipitate washed with methanol. The wash- 
ings were saved for the subseouent rccovsrv 
of unreaaed amine. The resin w.is then washed 
with HBF, and dried according to Procedure 
6. The resulting rcsi.a acylated amine, analy- 
zed for diazotiziblc n.'trosen. showed a Quan- 
tity of 7.20 mg. of mono-linked di-o-anis'idinc 
pir gram. 

Procedcre 9 
A soludon of m-phcnylenediamine • 2HC1 
(1.3 g.) in 50 ml. of water wa; rcrri.^erated at 
a temperature oi 0— 5-C. To this solution a 
quantity of 10 g. cf the chlorinated resin pre- 
pared as in Procedure 1 v.-as .idded and 24 ml 
of 20=/. XiOH were siowlv added up to a 
pH value of 11—12. while the mixture was 
stirred and reiriyerated. .^fter I t hours, the 
reiin w.-.s tiltered otf and washed accorJi-i- 
to E.\amples S. When analyzed, the resulting 
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resin scyiatcd a:ui:ic sho«;J 15.9 mg. of 
mono-lir.kcd p.i-phcnylcr.cJiamsr.s per S''^'"- 

Procedcbe 10 
.\ qij.intity of 10 of chlorinated refin pre- 

5 parcj accordir.c: to Procedure 3 was poured 
into a solution of di-o-anisidine '5.25 g. ■ in 75 
ml. of dry iolu:nc heated to SO-C. The ob- 
tained suspension was heated to SO'C. for 14 
hours. .\f:cr this time the suspension was til- 

10 tcrcd and the resuicin; resin washed as in 
Procedure S. The resin aeyiaicd amins so 
obtained showed an amount of 63 ing. mono- 
linked di-o-anisidine per gram. 

Proceolre 11 

15 An amount of 10 3. of chlorinated resin 
obtained as in Procedure 3 and a quantity of 
5.95 g. of o-tclidinc dihydrov;hloridc were re- 
acted according to the conditions reported in 
Procedure 9. The resulting rciin acylatcd 

20 amine contained ll.S mg c: ir.ono-linkeil 0- 
lolidir.e p;r grifn. 



Procedl're 12 
A quantity of 10 g. of chlorinated resin 
obtained as in Procedure 3 and an amount of 
25 3.3 g. benzidine dihydroehloride were reacted 
according to the conditions in Ptocedure 9. 



The obtai.-:cJ rejin acyUt.d amine contained 
45 mg. of r.ior.o-Iinked o-teiidinc per gram. 

EVVMPLE 13 
.-\ quar.titv of 3 g. of the resia acylatcd 30 
amine of Prc-cdure 6 was suspended in 10 mi. 
of 3N HU1-, and cooled at a tc.nsperature of 
t) — 5 -'C. The resulting suspension w.t, stirred 
while adding dropwije 10 ml. of IN N'aNO;. 
Stirring was continued ar.d the t^.nipcrarurc 35 
maintained for 4 houri. The mixture was then 
ccRtrifuscd and the isolated resin acylatcd 
amine diuzonium salt, 

@ S 
Resin-CO— NH— Ar— NssN BF. 

was dried in a vacuum. Thij method can be 40 
extended using the r.'sin acyUted amines pre- 
pared in Procedures 7 — 12. 

ECCIPLE 14 
Resin acylatcd amine dinzonium salts were 
reacted with u-napht.hol in order to determine 45 
the coupling activity and to observe the devel- 
oped colour. The result: using r.'sin acylatcd 
amine diazonium iaits, prepared by the method 
of Example 13, from each of the resin acylatcd 
amines of Procedures 6 — 12 are shown in 50 
Table I. 



Table I 



.\minc resin 
of Procedure 


Amine resin type 


a-XaphthoI fi.xed, | 
mg.. g. resin acyla- 
tcd diazonium salt. | 


Colour 
developed 


6 


Res in -di-o-anisidine 


27.21 


.Medium 
purple-red 


7 


Resin-di-o-anisidinc 


36.00 


Deep 
purple-red 


8 


Resin-di-o-anisidine 


4.25 


Light purple 


9 


Resin-m-phcnylcncdiaminc 


21.4 


Orange 


10 


Resin-di-o-anisidine 


29.2 


Medium 
purple-red 


11 


Resin-o-tolidine 


8.1 


Rid 


12 


1 Rcsin-benzidine 


35.6 


Brick red 



E-\.O.lPLE 15 

.A mixture of S g. of cellulose fibre (cut to 
55 a length of about 3 mm.) and 2 g of 

e e 

Rcsin-CO— NH— Ar— N=X BF. 

from Example 13 was homogenized in 5 1. of 
water at pH 3 — t. The homogenized mixfjre 
was allowed to jeJiment and the cellulose resin 



layer which formed v.as pressed into a 25 cm. 60 
sheet, which possessed a diazo-coupiir.g activ- 
ity equal to 1/5 that of the original resin 
acylatcd amine diazonium salt. 

E.\.v.mple 16 
Sheet material as per Example 15 was cut 65 
into strips 0.5 cm. wide and likewise ncn- 
rcactive strips 0: the same size of Eaton- 
Dikcman 627-65 lilter paper were prepared. 
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The s-.nps of ihc 2 diffcrcni ivpcj of r^P<:r 
asscmcicd urJi glue to a phsi'ic ustcrrroof 
support i.T crdcr to obtain a sheet hz\inz 3 
reactive zones aitcrnaiing with 2 r.on-rcactivc 
5 zones, the top and bottom pan of ihc sheet 
being constituted by 2 strips oi filter paper 
3 cm. wide. The rciulting sheet was ci:t into 
strips of 0.5 cm. each. 

Ek.\.mple 17 

10 The sheet prepared according to the pro- 
cedure of E-vanjplc 15 was cut into 3 mm. x 



30 mm. stripi. Those uvrc clued to a plastic 
•.i-3tcr-prooi surrcrt havi.-ig a yraduaied i,-ilo. 
.\t ih: top and bctte-ai pjrt of the support 2 
strips of 3 mm. x jo mm. filter paper were 
fixed. 

EX-VMPLE IS 
Strips were prepared accordir.2 to Dcamples 
16 and 17 except that one 3 cm. liher paper 
end was replaced with glass fibre pacer. This 
glass fibre end was dipped into a solution hav- 
ing the composition (per ml, of aqueous sclu- 
tioti) shown in Table 2. 



20 



Tabi^ 2 


Ingredient 


Weight, mg. 


tris(Hydroxymethyl)aniino- 
mcthane 


200 


3- or x-N*aphthyl phosphate 


20 


Magnesium sulphate 


0.5 
pH = 10.3 


The wet suips were dried in a vacuiinu 


EXA.MPLE 19 




The procedure of E.sample 18 was followed except that 
the composition (per ml. of aqueous solution) shown in 
Table 3 was used. 


Table 3 




Ingredient 


Weight, mg. 


Sodium fumarate 


100 


P- or s-Kaphthyl phosphate 


20 


Magnesium sulphate 


0.5 
pH = 5.05 


EXA.VIPLE 20 



The sheet prepared according to Example 15 was 
glued to a plastic support and cut into disc form. 

ElCA-MPLE 21 

Tablets were prepared containing the ingredients 
shown in Tabic 4. 
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Table 4 



Ingredient 


Weight, mg. 


trisCHydroxj-aicthyOamino- • 
methane 


18 


Starch 


2 


or z-N'aphthyt phosphate 


0.2 


rolyox}-cthy!ene glycol 


2.8 


Aiagnesium sulphate 


0.05 



10 



15 



20 



25 



30 



35 



40 



The tablets were of a weight 

Into a suitable test tube were introduced a 
tablet prepared as above and two drops of 
water. The tablets disint<.^?:ated in 10 — 15 
minutes resulting in a turbid solution. .\ sus- 
pect pathologic serum to be analyzed was 
then added to the solution in the test tube in 
a quantity of 0.1 ml. and the tube shaken. 
After 10 minutes incubation at a temperature 
of 37=^C., one drop of 10=/. onhophosphoric 
acid solution was added. 

A three-zoned test strip prepared according 
to Example 16 was dipped into the above solu- 
tion and after 5 minutes the developed colour 
was observed to be a purple-red. All three 
zones had been invaded by the colour indicat- 
ing that the scru.m had a value of phosphatase 
activity of the highest level for which the three- 
zoned test strip was designed, that is, a 
pathologic value. A normal serum treated as 
above gave colour only to the first of the three 
zones. If an unknown serum were to give 
colour to the first and second zones it would 
be considered as borderline. 

E.XA.MPLE 22 
The continuous strip prepared according to 
Example 17 was introduced into the test solu- 
tion used in Example 21. Five minutes later 
the extension of coloured area was observed 
and t.hc number corresponding to the highest 
level of coloured area on the calibrated strip 
was recorded. Figures from I — 3 indicate a 
normal value, from 3 — 5 a borderline value 
and higher figures indicate pathologic values. 

E.x.\.\iPLE 23 
Into a test tube were introduced a tablet 
prepared according to Exampie 2! and 3 drops 
of miik to be assayed. .After 10 minutes a one- 
zone test strip prepared according to E.xample 
17 was dipped into the resulting solution. 
Five -Tiinutcs Liter the conce.nration of phos- 
phatase waj read based on the colour develop- 
ment of the strip. Colour development in ade- 
quately pasteurized milk, for e.vample, should 



varying from 22 — 25 mg. 

be limited to the figure 1 of the scale. Higher 45 
values indicate an inadequate pasieurizatio.'V 
or the presence of adulterating raw miik. 

E.X.VMPLE 24 

A three-zone strip prepared according to 
E.xample 16 was moistened at the end part 50 
containing the substrate with 0.05 ml. of a 
suspect pathologic seium, as used in Example 
21 to be assayed. After 10 minutes the strip 
was washed with water so that the liberated 
naphthot reached the developer zone. Five 55 
minutes later the concentration of phosphatase 
was read as described in Example 23. 

EXA.MPLE 25 

.A one-zone strip prepared according to 
Example 18 was moistened at the end part 60 
containing the substrate with 0.05 ml. of the 
miik to be assayed. After 10 minutes the strip 
was washed with water so that the liberated 
naphthol reached the developer 'zone. Five 
minutes later the co.icentration of phosphatase 65 
was read as described in Example 23. 

In summary this invention provides an in- - 
soluble polymeric diazonium salt colour de- 
veloper which can be used in the determination 
of coupling compounds and related enzyme 70 
svstems. 

WHKT VvE CLAI.U IS : — 

1. A colour developer, insoluble in aqueous 
media, comprising a polymeric aromatic di- 
azonium salt, the aromatic residues ot which 73 
contain one or more diazotisid amino groups 
each and are bound by an a.-nide linkage to a 
cation exchange resin. 

2. A product according to Cbim 1. where- 
in the cation exchange resin contains carbc^yl EO 
groups. 

3. A product according to Claim 1, where- 
in the cation exchange resin contains sulphonic 
acid groups. 

4. A product acceding to Clai.x I. where- SS 
in the cation exchange rosin contains phos- 
phoric acid groups. 
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5. A r.-cduv:t accord ins to Claim 2, wh-.-rc- 
in she c;;ioa cxchar-ve r«in is a polymsr of 
mcthacryiic acid. 

product according to any of Qaims 

5 1 to 5, -.vhcrcin aromatic residues arc derived 
from di - o - anijidlne. «i - phcnvlenediaminc, 
o - tolidir.o, or benzidine. 

7. A product according to Claim 1, sub- 
siamially as described. 

10 S. A process for the preparation of a poly- 
meric d:a2oniuni salt colour developer, insol- 
uble m aqueous media, as claimed in any of 
Clatms 1 to 7, which comprises reacting a 
cation exchange resin, which contains acid 

15 groups, with a halogenating agent to convert 
some of the acid groups of said resin to acyl 
halidc groups, reacting the resulting acjl halide 
groups with an aromatic polyamine to provide 
a resin containing amide linkages and free aro- 

20 matic amino groups, and diazotising the free 
aromatic amino groups to produce a polvmcric 
diazomum salt which is insoluble in aqueous 
media. 

9. A process according to Claim 8 substan- 
25 tially as described. 

10. A lest device for use in the detection 
of a compound which can be coupled to a di- 
azoiiium salt which comprises a carrier con- 
tatning, or coated with, a poKmeric diazonium 

30 salt colour developer as claimed in any of 
Claims 1 to 7. 

11. A test device for use in the detection 
of an enzyme system ivhich will catalyse the 
liberation of a compound, which can be coup- 

35 led to a diazomum salt, from a substrate for 
said er.zyrr.e system, which comprises a car- 
rier containing, or coated with, a pluralit\- of 
non-contiguous zones at least one of said zones 
containing a suitable substrate for said enzyme 

40 systeir. and at least one of the remaining zones 
containing a polymeric diazonium salt colour 
developer as claimed in any of Claims 1 to 7. 



12. A test device as claiincd in Claim 10 
subitaniially as described. 

13. .\ method fc: detecting a coupling 45 
compound which comprises addinc to a liquid 

in which said compound, which can bo coupled 
to a diazonium salt, may be present an in- 
soluble polymeric diazo.nium salt colour de- 
veloper as claimed in any of Claims I to 7, and 50 
observing any colour di-velopmcnt due to diozo 
coupling bitween said poly.T.cric diazoniiun 
salt colour developer and any coupling com- 
pound which may be present. 

14. .\ method for detecting an enzyme 55 
system which will catalyse the iiberatioii of 

a compound, which can be coupled to a di- 
azonium salt, from a substrate for said enzyme 
system, which comprises adding to a liquid 
medium in which said enzyme system may be 60 
present a suitable substrate for said enzyms 
systena, adding to the resulting mi.xiure a poly- 
meric diazonium salt colour developer as 
claimed in any of Claims I to 7, and obsen-- 
tng any colour development due to diazo coup* 65 
ling between said polymeric diazonium salt 
colour developer and any coupling compound 
released from the subiuatc by any enzyme 
present. 

15. A method according to Claim 14, 70 
wherein the enzyme system ij lipase, acetyl 
esterase, N-acetylbetaglucosaminidase, trans- 
aminase, leucine aminopeptidaso, acid phos- 
phatase or basic phosphatase. 

16. A method according to Claim 14 and 75 
15, wherein the substrate is an aromatic phos- 
phate. 

17. A method according to Qaim 13 or . 
14 substantially as described. 

J. A. KE.MP & CO., 
Chartered Patent Agents, . 
14 South Square,' 
Gray's Inn, London, W.C.I. 
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